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(57) Abstract 

A method and system for detecting nonfunctional ink-jets 
and compensating for the nonfunctional ink-jets in an ink-jet 
printer (54). The ink-jet printer (54) includes a printhead (44) 
having a plurality of ink-jets (192), each ink-jet (192) being 
assigned to print respective dots on a respective raster line of a 
recording medium in accordance with a print mask (100), wherein 
when an ink-jet (192) is detected as being defective, at least 
a portion of said print mask is replaced with a replacement 
mask (500) such that one or more of the remaining ink-jets 
(192) of the plurality of ink-jets compensates for the detective 
ink-jet The method includes: detecting when an ink-jet (192) 
is nonfunctional; and when an ink-jet is determined to be 
nonfunctional, replacing at least a portion of the print mask (100) 
with a replacement mask (500) such that one or more of the 




remaining ink-jets (192) of the plurality of ink-jets compensates 
for the nonfunctional ink-jet. In order to detect a nonfunctional element, e.g., an ink-jet, in the printhead, the ink-jet printer system of 
the invention further includes: a switching power supply (80), coupled to the ink-jet printhead (44), for supplying power to the printhead 
(44); an output capacitor (164), coupled to an output of the switching power supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled in parallel to the output capacitor (164), for discharging current from the output capacitor (164); an output shifting circuit 
(164, 166, 172 and 174), coupled to the switching power supply, for shifting the dc voltage level across the output capacitor (164) from a 
low state to a high state; and a sensor (180), coupled to the output of the switching power supply (80), for detecting when the switching 
power supply (80) is switching, wherein an element of the printhead (44) is tested by measuring a test current discharging from the output 
capacitor (164) when the element is activated and comparing the measured test current with a reference current which discharges from the 
output capacitor (164) through the bleed resistor (166) where no element of the printhead (44) is activated. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a capacitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in the capacitor (164) from a low state to a high state; measuring a test current discharging from the 
capacitor (164) when an element of the printhead (44) is activated; measuring a reference current discharging from the capacitor (164) 
through a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test current with the 
reference current 
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INK JET PRINTER, METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 

Field of the invention 

The invention relates to multi-pass ink-jet printing. More particularly, the invention relates to a method and 
5 system for detecting one or more failed ink jets and thereafter compensating for the one or more failed ink jets with 
the remaining operational ink jets. 

Description of the Related Technology 

Multi-pass printing is a technique used to reduce banding in ink-jet printing. Dots of ink, when stiii in liquid 

10 form, tend to run together due to surface tension. This is referred to as coalescence. To print a high quality image 
it is important to print individual round dots. But to achieve full saturated colors, the dots must overlap to 
completely cover the paper. By only printing a portion of the image data so as to avoid simultaneously printing 
adjacent dots during each printing cycle, coalescence may be largely avoided. Additionally, by avoiding ail horizontal 
adjacencies, the transverse speed of the printing mechanism can be increased up to two times the rated print speed 

15 of the printhead. 

Multi pass printing is accomplished by filtering the image data using a print mask to determine which dots 
are to be printed in each swath. A swath is defined as a region, or portion, of a recording medium which is printed 
upon by a given portion, or print zone, of a printhead cartridge having a specified number of ink jets, as the printhead 
cartridge passes over the recording medium. The swath successively advances through each print zone after each 

20 pass of the printhead and is partially printed in each print zone. The printing of a swath is completed after it has 
successively advanced through each print zone. 

In multi-pass printing, each jet of a printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specified areas or "dots" on a raster line which is currently in the jet's respective print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask, are not printed upon. 
Therefore, if one or more jets fail and there are many areas in which intended ink drops are not deposited, the 
quality of the printed image may significantly suffer. 

Prior art methods have dealt with this problem by utilizing auxiliary jets in the printhead which are assigned 
the task of replacing failed jets. However, this method is inefficient because these auxiliary jets are inactive during 

30 periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their maximum potential. Additionally, in order to safeguard against situations in which multiple jets 
simultaneously fail, not just one but a bank of multiple auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the reliability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space in 

35 a printer than those printheads without auxiliary jets. 
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A basic premise of ink jet printers is that ail ink jets must "fire" properly (i.e., eject ink droplets) or the 
quality of the present image may be degraded. The detection of nonfunctional ink jets, otherwise referred to herein 
as "open jet detection/ is a method of determining which jets within a printhead cartridge are electrically 
nonfunctional. This electrical non-functionality can result from open traces, damaged drop ejection resistors, changed 
5 resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fire, or fire improperly, 
resulting in anomalies in the printed image. 

Defective jets can also result from clogged jet nozzles. Current open jet detection methods are unable to 
electronically detect clogged jets that are still electrically correct. However, by executing a prime printing pattern 

10 using a printhead cartridge under test, and observing the printed results, a user may identify clogged jets and 
manually input the address or reference designation of each clogged jet into a list of defective or nonfunctional jets. 
The list of defective or nonfunctional jets, otherwise referred to herein as the "open jet list," is a record of all 
nonfunctional jets in the respective printhead cartridge. By updating the open jet list, a user of the ink jet printer 
may be notified as to when a printhead cartridge has an unacceptable number of nonfunctional jets. Additionally, 

15 prior art methods utilized this open jet list to compensate for the nonfunctional ink jets with one or more auxiliary 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a resistor in series with 
the circuit. Prior art methods of detecting nonfunctional jets have utilized this concept to measure current through 
printhead circuitry as one or more jets in a printhead cartridge are fired. For example, assume that each of four 

20 cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of 16 series resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 

25 compared to a reference voltage. The output from the comparison is an indication of whether a jet is properly 
functioning. By firing each jet one at a time, it can be determined whether each one has electrical continuity. 

The above-described method becomes less desirable as the number of jets and, hence, the number of sets 
of jets, increases, necessitating an increase in the number of series resistors. These series resistors waste energy, 
generate heat, waste board space and cost money. The prior art method also has limited functionality in that it only 

30 indicates that the current through a jet was greater than or less than some predetermined threshold. This type of 
indication does not distinguish between the different types of problems which may cause an ink jet to misfire, or 
not fire at all. For example, the prior art method cannot distinguish between a shorted power line, a shorted address 
line, or a damaged drop ejection resistor in an ink jet printhead. 



35 
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Summary of the Invention 

The invention provides a multi-pass printing compensation scheme which detects nonfunctional ink jets in 
a jet group and utilizes any remaining jets of the jet group to compensate for the one or more failed jets in that jet 
group, without the utilization of otherwise idle auxiliary jets. The method and system of the invention accomplishes 
5 this task by assigning new replacement jet masks to the remaining jets of the jet group such that all areas, or dots, 
on a respective raster line are accounted for. Furthermore, these replacement jet masks avoid forming horizontally 
and vertically adjacent dots during a single pass of the printhead over the recording medium. 

In one embodiment of the invention, a system for compensating for defective ink jets in an ink jet printer 
includes: a printhead having a plurality of print zones and a plurality of ink jets in each print zone, each ink jet being 

10 assigned to print respective dots on a respective raster line of a recording medium, wherein the plurality of ink jets 
are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; a plurality of 
jet group masks corresponding to a respective one of said plurality of jets groups, wherein each jet group mask 
allocates the printing of dots on a respective raster line to each of the ink jets of a respective jet group; and a 
replacement jet group mask which replaces the jet group mask for a jet group having one or more nonfunctional ink 

15 jets, wherein the replacement jet group mask allocates the printing of dots to the remaining functional ink jets of 
the jet group having one or more nonfunctional ink jets. As a result, the remaining functional ink jets so as to of 
the jet group compensate for the one or more nonfunctional ink jets. This in that jet group. In a preferred 
embodiment, the above-described system of the invention does not utilize auxiliary jets which are idle during times 
of normal operation. Therefore, the resources of the printhead are maximized. 

20 In another embodiment, an ink-jet printer includes: a printhead having a plurality of ink jets, each ink jet 

being assigned to print respective dots on a respective raster line of a recording medium in accordance with a print 
mask, wherein when an ink jet is detected as being defective, at least a portion of said print mask is replaced with 
a replacement print mask such that one or more of the remaining ink jets of the plurality of ink jets compensates 
for the defective ink jet. In a preferred embodiment, the above-described ink jet printer does not utilize auxiliary jets 

25 which are idle during times of normal operation. Therefore, the resources of the printhead are maximized. 

In a further embodiment, in the printer described above, when an ink jet in a jet group is detected as being 
non-functional during a printing process, the replacement jet masks assigned to the remaining functional ink jets in 
that jet group successively replace the original jet masks of each respective ink jet in that jet group one print zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the replacement jet group mask. 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successively updates the portions of the print mask corresponding to only one print zone at 
a time. For example, if a defective jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacement jet group masked is achieved. 

In another embodiment, in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respective remaining functional ink jets of the first jet group based upon the 
5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first jet group is adjacent to said second jet group, the plurality 
of replacement jet masks are assigned to respective remaining functional ink jets of the second jet group based on 
a rotation scheme such that the order of assignment of the plurality of replacement jet masks to respective 
functional ink jets in the second jet group is rotated when compared to the order of assignment of the plurality of 

10 replacement jet masks to respective functional ink jets in the first jet group so as to avoid the assignment of 
identical replacement jet masks to adjacent ink jets in one print zone. 

The invention further allows the multi-pass printing method to reduce or eliminate coalescence of printed 
dots by following a compensation scheme which avoids the printing of vertically and horizontally adjacent dots during 
a single pass of the printhead over the recording medium. If adjacent jets are non-functional, then the order of 

15 assignment of the replacement masks to the remaining functional jets of a second jet group is rotated such that 
adjacent functional jets do not have identical replacement masks. In this way, vertical adjacencies are minimized. 

In yet another embodiment, a method of compensating for nonfunctional ink jets in an ink jet printer which 
includes a printhead having a plurality of ink jets, each ink jet being assigned to print respective dots on a respective 
raster line of a recording medium in accordance with a print mask, includes: when one or more ink jets are 

20 determined to be nonfunctional, replacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet. In 
a preferred embodiment, the above-described method does not utilize auxiliary jets, which are idle during times of 
normal operation, to compensate for the one or more nonfunctional ink jets. Therefore, the resources of the 
printhead are maximized. 

25 The invention further provides significant advantages over the prior art by providing a method and system 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned on, or after an address line to the ink jet has been turned on, for example, and 
comparing this test discharge rate with a reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defective ink jet, a defective power line, or a 
defective address line, for example. Once such a determination is made, information regarding a defective element 

35 of the printhead may be stored in memory. For example, if a ink jet is determined to be defective, its address may 
be included in the open jet list described above which is stored in a memory of the ink jet printer. 
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As used herein, the term "element" may refer to any component, such as an ink jet, a power line, or an 
address line within a printhead cartridge, or any other component within an ink jet printhead cartridge. Additionally, 
when an element is said to be "activated," this term may refer to the turning on of a power line or address line, 
or the firing of an ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any combination or conjugations thereof, should be given 
their ordinary broad meaning and scope. Additionally, unless otherwise indicated, the terms "printhead" and 
"printhead cartridge" are used synonymously and interchangeably. 

The improved detection method and system of the invention measures the time it takes for power supply 
capacitors supplying power to one or more ink jet cartridges to discharge a small amount of current. The average 
10 current supplied by the capacitors during that time is given by the following equation: 

/ ™/= C x — (i) 

average 

where C is the capacitance of the power supply capacitors, dV is the change in voltage across the capacitors, and 
dT is the time measured for the voltage change to occur. A switching power supply which supplies power to the 
ink jet cartridges is enhanced to provide this measurement capability by the addition of two functions. In a preferred 
embodiment, a first function increases the quiescent output voltage level by an amount equal to dV and thereafter, 

15 decreases the quiescent voltage level to its original value, thereby causing the power supply to interrupt its switching 
operation until the output capacitor (C,) 106 discharges to its original quiescent levels. In other words, the switching 
power supply will temporally cease providing an output pulse waveform until the output capacitor (C,) 106 discharges 
to the original levels. A second function detects when the switching power supply resumes switching after the 
voltage across the capacitors has decreased to its original level. In this way, the time required for the output 

20 capacitor to discharge an amount of current which changes the voltage across the capacitor by an amount equal 
to dV can be measured. 

In order to detect clogged ink jets, the detection method and system of the invention can also utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional. The operator can then manually input the reference designation or address of each 

25 nonfunctional ink jet into the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of nonfunctional ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the Inkjet printhead, for supplying power to the 

30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, wherein an element of the printhead is tested by 
measuring a test current discharging from the output capacitor when the element is activated and comparing the 
measured test current with a reference current which discharges from the output capacitor through the bleed resistor 
5 when no element of the printhead is activated. 

In another embodiment, an ink jet printer system for detecting a nonfunctional element in an ink jet 
printhead, includes: means for supplying regulated power to the printhead; capacitor means, coupled to the means 
for supplying regulated power, for storing a dc voltage therein; means for discharging current from the capacitor 
means; means for shifting the dc voltage level stored in the capacitor means from a low state to a high state; means 

10 for measuring a test current discharging from the capacitor means when an element of the printhead is activated; 
and means for comparing the measured test current with a reference current which discharges from the capacitor 
means through only the means for discharging. 

In a further embodiment, a method of detecting a nonfunctional element in an ink jet printhead includes the 
acts of: supplying regulated power to the printhead; storing the regulated power in a capacitor so as to provide a 

15 dc voltage across the capacitor; shifting the dc voltage level stored in the capacitor from a low state to a high state; 
measuring a test current discharging from the capacitor when an element of the printhead is activated; measuring 
a reference current discharging from the capacitor through a bleed resistor, when no elements of the printhead are 
activated; and comparing the measured test current with the reference current. 

20 Brief Description of the Drawings 

Figure 1 is a block diagram of the components of an ink jet printer system. 

Figure 2 illustrates a portion of a print mask for a 104 jet printhead having six print zones corresponding 
to a six-pass multi-pass printing configuration. 

Figure 3 illustrates six jet masks corresponding to jet group ft 2 of the print mask of Figure 2, each jet 
25 mask corresponding to a respective jet and a respective print zone. 

Figure 4 illustrates the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group S 2 of Figure 3, as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
30 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Figure 6 illustrates a first replacement jet group mask for a jet group which has one defective jet, in 
accordance with one embodiment of the invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
35 in accordance with one embodiment of the invention. 
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Figure 8 illustrates a third replacement jet group mask for a jet group which has three defective jets, in 
accordance with one embodiment of the invention. 

Figure 9 illustrates a fourth replacement jet group mask for a jet group which has four defective jets, in 
accordance with one embodiment of the invention. 
5 Figure 10 illustrates the correlation between each of the six print zones and each replacement jet mask of 

the first replacement jet group mask of Figure 5. 

Figure 11 illustrates a portion of a print mask when jet 12 in jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Figure 12 illustrates the printing configuration of successive swaths of a recording medium as the recording 
10 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 11. 

Figure 13 illustrates identical replacement jet masks assigned to adjacent jets within each print zone. 
Figure 14 illustrates the first replacement jet group mask of Figure 6, having its individual jet masks rotated 
in a round robin fashion to be utilized on a second jet group, adjacent to the first jet group. 
16 Figure 15 illustrates the first replacement jet group mask of Figure 6 assigned to a first jet group and the 

rotated version of the first replacement jet group mask as shown in Figure 14, assigned to a second jet group, 
adjacent the first jet group, in accordance with one embodiment of the invention. 

Figure 16 illustrates a schematic diagram of a circuit, coupled to an ink jet printer cartridge, which is used 
to determine if one or more ink jets in the cartridge is nonfunctional, in accordance with one embodiment of the 
20 invention. 

Figure 17 illustrates an ink jet matrix which exemplifies the relationship between each ink jet in an ink jet 
cartridge and their corresponding power lines and address lines. 

Figure 18 is a response curve which illustrates s decrease in voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed Description of the Preferred Embodiment 
The invention is described in detail below with reference to the figures. 

Referring to Figure 1, various components of a typical ink jet printer 54 are illustrated. These various 
components include the control electronics inside the ink jet printer 54 which are used to control ink droplet ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs driver software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located within the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual ink jet of the cartridge 44. The system comprising the switching power supply 
80 and the printhead cartridge 44, coupled to the output of the power supply 80, is described in further detail below 
with reference to Figure 16. 

The processor 52, in accordance with internal firmware stored in a portion of the memory 58, selectively 
ejects ink droplets from the ink jets of each cartridge 44. The programming of the processor thus determines which 
ink jet of the printhead cartridge 44 is assigned to be used to eject an ink droplet onto any given grid location of 
the printed image when the relevant swath being printed calls for a droplet at that given grid location. In multi pass 
printing, for example, the set of nozzle to grid location assignments is commonly referred to as a print mask, and 
the print mask definition is stored in memory 58 in the ink jet printer 54. The function and operation of a print 
mask is described in further detail below with reference to Figures 2-14§ 

Referring to Figure 2, one example of a print mask 100 having six print zones 102a-f, and 17 individual 
jet masks 104 within each print zone 1Q2a-f (for a total of 102 individual jet masks 104), is illustrated. A separate 
print mask 100 is defined for each print-mode (number of passes) supported by the device and is used, unchanged, 
throughout the processing and printing of an image. The print mask 100 is made up of the individual jet masks 104 
that determine the dots fired by each jet of a printhead. These individual jet masks 104 are configured such that 
adjacent jets on the printhead do not print horizontally or vertically adjacent dots during a single pass of the 
printhead across the recording medium. As described above, by avoiding horizontal and vertical adjacencies, printing 
anomalies and distortions caused by the coalescence of adjacent dots are substantially reduced. 

As shown in Figure 2, the individual jet masks 104 are arranged into zones 102af that correspond to the 
number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
no/s 2, 19, 36, 53, 70 and 87 make up jet group mask no. 2. Figure 4 illustrates one embodiment of jet group 
mask no. 2 which includes the six jet masks 2, 19, 36, 53, 70 and 87. These six jet masks 2, 19, 36, 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

During printing, each print zone 102a f prints a swath of the recording medium. Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not limited by any specific number of 
raster lines in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 
different numbers of raster lines per swath and/or jet masks per print zone. 

Referring to Figure 4, each jet mask 2, 19, 36, 53, 70 and 87 of the jet group mask of Figure 3 is 
illustrated within its corresponding print zone 1-6. Each raster line in a swath is printed by a single jet group with 
the work being shared between the members of that jet group. For example, during a first pass of the printhead 
over the recording medium, a swath of the recording medium is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster line 302 of the swath in accordance with jet 
mask 2 of Figure 3. Figure 4 further illustrates the allocation of dots on a single raster line 302 in accordance with 
jet masks 2, 19, 36, 53, 70 and 87 of jet group mask 2, as the single raster line 302 advances through each print 
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zone 1-6. As shown in Figure 4, jet mask 2 indicates which dots on the second raster line that jet 2 is responsible 
for printing. If the image requires ink to be printed on a dot for which the second jet is responsible for, this dot 
is printed during the first pass of the print head over the swath when it is in print zone 1. 

After printing the swath in print zone 1, the recording media is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone 2. When the swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a member of jet group 2. In print zone 2, the second raster line 
302, which has been partially printed upon by the second jet when it was in print zone 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second pass of the printhead over the recording medium. 
As discussed above, the nineteenth jet and its corresponding jet mask 19 is the next member of jet group 2 which 
10 is responsible for printing the second raster line 302 in the swath. Jet mask 19 allocates which dots are printed 
by the nineteenth jet. 

After printing the swath in print zone 2, the recording media is once again advanced by an amount equal 
to the size of one zone such that the swath is now in print zone 3. In print zone 3, the second raster line 302 is 
aligned with a 36th jet of the printhead and is printed upon, as necessary, by the 36th jet in accordance with jet 

15 mask 36, during a third pass of the printhead over the recording medium. 

The above-described process is repeated until the swath has been printed upon in each print zone. As 
shown in Figure 3, after the swath has completed the six-pass printing process and advanced through each of the 
six print zones, all the dots of the raster line 302 are accounted for. As used herein, the term "dot" refers to any 
area of any shape or size on a recording medium, which may be covered by ink by a jet. 

20 Figure 5 illustrates adjacent swaths of a recording medium which have undergone various stages of a six- 

pass (hence, six zone) printing process. The configuration of dots on the recording medium represents ail the dots 
which may be printed in a given zone plus all previous zones. In the example shown, the image to be printed on 
the recording medium is a solid image, otherwise known as a "color fill," covering the entire printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purposes of distinguishing the different areas or "dots" on the recording medium and are not visible on the actual 
recording medium. It is further understood, that the dots printed on the recording medium may have overlapping 
areas such that there are no spaces between adjacent dots if a solid image, or full "color-fill" is desired. 

Open jet compensation is a modification to the multi-pass printing method described above, which allows 

30 for the use of information regarding defective or non-functional jets to dynamically modify the print masks of a 
printhead to compensate for the non-functional jets. This type of compensation scheme typically results in minimal 
degradation in print quality and no degradation in printing speed when there are relatively few defective jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 
jet group mask that is appropriate for the number of functional jets remaining in that group. In one embodiment, 
the maximum number of jets in a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 
3, 4 and 5 jets remaining. These replacement jet group masks take the responsibility of firing dots away from the 
5 defective jets and assigns the responsibility for printing the entire raster line to the remaining functional jets within 
that jet group. 

Defective jets can result from open traces, damaged drop ejection resistors, changed resistance values, or 
poor contact between the cartridge and the "flex circuit" which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nozzles. All of these errors will cause a jet or jets 

10 not to fire, resulting in anomalies in the printed image. The invention may utilize any well-known method or system 
of detecting defective jets in ink-jet printers. After one or more jets have been determined to be non-functional, a 
list of the defective jets may be generated, either automatically or via manual input by an operator of the ink jet 
printer, and stored within a memory of the ink-jet printer. This list of defective jets may then be accessed as 
necessary to update the print masks of the respective printhead cartridge. In one embodiment, the above-described 

15 improved method and system for detecting nonfunctional elements in a printhead is utilized to detect nonfunctional 
ink jets and compensate for the nonfunctional ink jets with one or more remaining functional ink jets. This novel 
detection method and system is described in greater detail below with reference to Figures 16-18. 

Referring to Figure 6, assuming that one jet in a jet group has been determined to be non-functional, a first 
replacement jet group mask 500 replaces the original jet group mask of that jet group in order to allocate printing 

20 of the entire raster line to the five remaining, functional jets of the jet group. The first replacement jet group mask 
500 includes individual replacement jet masks 501-505. When one of six jets in a jet group fails, that jet is shut 
off, or completely masked, and the original jet masks for the remaining five functional jets of that jet group are 
replaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non-functional, 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending print zones, is the jet in print zone 2 for that respective jet group. Therefore, replacement mask 501 
is assigned to that jet in print zone 2. Similarly, the replacement mask 502 is assigned to the jet in print zone 3 
for that respective jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respective jet for that jet group in print zone 1, replacement mask 502 would be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respective jet in print zone 4, and so on. 
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As shown in Figure 6, by replacing the original jet group mask with the first replacement jet group mask 
500, when a jet of a jet group is determined to be non-functional, the responsibility of compensating for the non- 
functional jet is allocated among the remaining functional jets. In this way, a complete raster line 506, having no 
dots unaccounted for, may still be produced by that jet group. 
5 Referring to Figure 7, a second replacement jet group mask 600 for a jet group having two non-functional 

jets is illustrated. The second set of replacement masks 600 includes replacement masks 601-604 each 
corresponding to one of the four remaining jets for that jet group. Similar to the allocation scheme described above 
with reference to Figure 6, the replacement masks 601-604 are allocated to the remaining functional jets by order 
of ascending print zone numbers. For example, if a jet group has non-functional jets in print zones 1 and 4, the first 

10 functional jet would be that in print zone 2. Therefore, replacement mask 601 would be assigned to that jet in print 
zone 2, replacement mask 602 would be assigned to the corresponding jet in print zone 3, replacement mask 603 
would be assigned to the corresponding jet in print zone 5 and replacement mask 604 would be assigned to the 
corresponding jet in print zone 6. As shown in Figure 7, the replacement masks 601-604 allow the four remaining 
functional jets of a jet group having two non-functional jets to print a complete raster line 605, having no dots 

15 unaccounted for. 

Figure 8 illustrates a third replacement jet group mask 700 for a jet group having three non-functional jets. 
The third set of replacement masks 700 includes replacement masks 701-703, which are allocated to the three 
remaining functional jets of a jet group determined to have three non functional jets. In one embodiment, the 
replacement masks 701-703 are assigned to the remaining jets by order of ascending print zone numbers, as 
20 discussed above with reference to Figures 6 and 7. As shown in Figure 8, the replacement masks 701-703 allow 
the remaining jets of a jet group, having three non-functional jets, to print a complete raster line 704, with no dots 
unaccounted for. 

Figure 9 illustrates a fourth set of replacement masks 800 for a jet group having four non-functional jets. 
The fourth set of replacement masks 800 includes replacement masks 801 and 802, which are allocated to the two 
25 remaining functional jets of a jet group determined to have four non-functional jets. In one embodiment, the 
replacement masks 801 and 802 are assigned to the remaining jets by order of ascending print zone numbers, as 
discussed above with reference to Figures 6, 7 and 8. As shown in Figure 9, the replacement masks 801 and 802 
allow the remaining jets of a jet group, having four non functional jets, to print a complete raster line 803, with no 
dots unaccounted for. 

30 In order minimize coalescence and to maintain full speed printing, horizontally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reason, at least two jets in each jet group should remain 
functional for the above-described replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure 10 illustrates the replacement masks 501-505 of the first replacement jet group mask 500 assigned 
to the remaining jets of a jet group having one nonfunctional jet, each remaining jet being in a respective print zone. 
As shown in Figure 9, the defective, or non-functional, jet is located in print zone 1. Therefore, the jet in print zone 
1 is completely masked, or turned off, such that no dots are fired onto a respective raster line of a recording medium 
5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printhead in the direction of 
arrows 902, the raster line advances to the next print zone and the next jet in the respective jet group may print 
dots on the raster line in accordance with the replacement jet mask 501. As the recording medium continues to 
advance in the direction of the arrows 902, the raster line successively passes through each of the print zones and 
the successive jets of the respective jet group print dots on the raster line in accordance with their respective 

10 replacement masks 501-505. After the raster line has passed through each of the respective print zones, each dot, 
or designated printing area, on the raster line is accounted for, as shown by the completed raster line 506. 

Figure 1 1 shows a portion of a print mask having the first replacement jet group mask 500 of Figure 6 
assigned to jet group 12 because jet 12 of jet group 12 has been determined to be non-functional. Note that jet 
12, in print zone 1, of jet group 12, is completely masked and, therefore, not responsible for printing any dots on 

15 its respective raster line. The remaining jets 29, 46, 63, 80 and 97 of jet group 12 have been assigned replacement 
masks 501, 502, 503, 504 and 505 (Fig. 6), respectively, so as to compensate for the non-functional jet 12. 

Figure 12 illustrates adjacent swaths of a recording medium which have completed one or more stages of 
a six-zone printing process, with the first replacement jet group mask 500 of Figure 6 assigned to jet group 12. 
Note that raster line 12, corresponding to the non-functional jet 12, in print zone 1, does not have any dots printed 

20 on it. However, as this raster line advances through each of the successive stages, it will be completely "filled in" 
with dots. As shown in Figure 12, after raster line 12 has completed printing in print zone 6, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example shown, the image to be 

25 printed on the recording medium is a solid block of ink covering the entire printable surface area, otherwise referred 
to as a color fill. As shown in Figure 12, each dot is within a square box which represents the area on the 
recording medium which is intended to be covered by the dot of ink. However, these square boxes are illustrated 
merely for the purpose of distinguishing the different areas on the recording medium and are not necessarily visible 
on the actual recording medium. Furthermore, the dots printed on the recording medium may have overlapping areas 

30 such that there are no spaces between adjacent dots if a solid image is desired. 

For a given number of non functional jets in a jet group, the same set of replacement masks, corresponding 
to that number of non-functional jets, is used regardless of which jet in the jet group is identified as defective. As 
shown in Figure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 

35 quality degradation. 
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However, if jets, in adjacent jet groups, are identified as defective, identical replacement jet masks would 
be used for adjacent jets in print zones which contain the remaining functional jets of each of the adjacent jet 
groups. Figure 13 illustrates the use of identical replacement jet masks for adjacent jet groups each having one 
defective jet. The first set of replacement jet masks 500 of Figure 6 is used for each of the adjacent jet groups. 
5 As shown in Figure 13, adjacent remaining functional jets for both jet groups would produce a significant number 
of vertically adjacent dots within each print zone. This results in a significant increase in coalescence and, 
consequently, significant print quality degradation. 

In order to avoid using identical replacement masks for adjacent jets in a print zone, a rotation scheme is 
used for the placement of the replacement masks. For example, if a jet fails in jet group 1, then the replacement 
10 jet masks 501-505 (Fig. 6) are successively applied to the remaining functional jets of jet group 1 in the order 501, 

502, 503, 504 and 505. Each replacement mask 501-505 is assigned to its respective jet by order of ascending 
print zone number, as described above. If a jet also fails in jet group 2, the replacement masks 501-505 are rotated 
such that they are applied to the remaining functional jets of jet group 2 in the order 502, 503, 504, 505 and then 
501. This rotation process is repeated each time another jet in an another adjacent jet group, e.g., jet group 3, is 

15 determined to be non-functional. The next rotation would result in the replacement masks being applied in the order 

503, 504, 505, 501 and then 502. 

Figure 14 illustrates the first set of replacement masks 500 after its replacement masks 501-505 have been 
rotated once such that the order that the replacement masks 501-505 are applied to the remaining functional jets 
of a jet group is now 502, 503, 504, 505 and then back to 501. Note that replacement mask 502 is now the first 
20 one which is applied to the remaining functional jet in the lowest print zone, replacement mask 503 is applied to 
the functional jet in the next lowest print zone and so on. Replacement mask 501 is now the last replacement mask 
to be applied. 

By rotating the order of the replacement masks when there are non-functional jets in adjacent jet groups, 
vertical adjacencies are minimized and print quality is maximized even when there are many defective jets in a print 

25 cartridge. Referring to Figure 15, a first jet 130 of a first jet group is non-functional and a second jet 132 of a 
second, adjacent jet group is also non-functional. The replacement jet masks 501-505 are applied to the adjacent 
jet groups using the rotation scheme described above. In print zone 2, replacement mask 501 is applied to a first 
remaining functional jet of the first jet group, while replacement mask 502 is applied to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 

30 dots printed by the remaining functional jets in print zone 1. Similarly, in each of the other print zones 3-6 there 
are no identical replacement masks for adjacent jets, and hence, no vertical adjacencies. 

If new defective jets are detected in the middle of a plot, a firmware algorithm, which updates one print 
zone of the print mask per pass of the printhead, allows for the smooth transition to open jet compensation. Print 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 

35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. If a new defective jet is detected in the middle of printing job, only the jet masks corresponding to 
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print zone 1 are updated for the next pass of the printhead. After completion of that pass, the jet masks 
corresponding to print zone 2 are updated but the jet masks corresponding to the remaining zones are left unchanged. 
This process continues until all the zones have been successively updated to the new masks in order of ascending 
print zone numbers. In this way, a corresponding raster line which has been successfully printed in a print zone, 
5 prior to the failure of the defective jet, completes its subsequent stages in any subsequent print zones in accordance 
with the original jet masks for the respective jet group responsible for printing that raster line. 

The following describes an improved detection method and system for detecting nonfunctional ink jets, or - 
other elements, in an ink jet printhead, which is utilized in a preferred embodiment of the invention. However, it is 
understood that the invention is not limited to the below-described detection method and system but may utilize any 

10 detection method and system which is now or will be known in the art. 

Referring to Figure 16, a schematic diagram of a circuit for open jet detection in accordance with one 
embodiment of the invention, is illustrated. The circuit 160 includes the switching power supply 80 of Figure 1 
which outputs a pulse square wave (V 0 J to an inductor (L,) 162, coupled to the output of the power supply 80. 
Coupled to the inductor (L,) 162 is a capacitor (C,) 164 which, together with the output inductor (L,) 162 forms a 

15 low-pass filter for the output of the switching power supply 80. As shown in Figure 16, the output (V flUI ) of the 
switching power supply 80 is a pulse square wave having a period T. The low-pass filter, comprising the inductor 
(L,) 162 and the output capacitor (CJ 164, converts this output pulse square wave into a dc output voltage (V c ) 
which is stored in the output capacitor [Q 164. An output "bleed" resistor (R,) 166 is coupled in parallel with the 
output capacitor (C,) 164, and provides a slow current drain which discharges the output capacitor (C,) 164 at a 

20 rate which is inversely proportional to the value of the resistance of the bleed resister (R,) 166. Switching power 
supplies and low-pass output filters such as those described above, and their principles of operation, are well-known 
in the art. Therefore, a detailed discussion of the function and operation of the switching power supply 80 and the 
low-pass output filter, comprising the inductor (L,) 162 and the capacitor (C,) 164, is not provided here. 

In order to regulate the output voltage V eut of the switching power supply 80 and hence, the dc output 

25 voltage V c present on the capacitor (C,) 164, a feedback circuit is coupled to a feedback port (FB) on the switching 
power supply 80. The feedback circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
164, which divides the dc output voltage (V c ) into a desired feedback voltage (V FB ) which is then applied to the 
feedback port of the switching power supply 80. The feedback network consists of a second resister (R 2 ) 168 and 
a third resistor (R 3 ) 170. As is well-known in the electronics arts, the magnitude of (V FB ) is related to the values 

30 of V c , R 2 and R 3 by the following equation: 

v FB - v m * i*3 * <fi + jyi m 

In order to regulate the dc output voltage (V c ), the feedback voltage (V FB ), which is directly proportional to 
the dc output voltage (V c ), is compared to a reference voltage (V REF ) to determine whether the output voltage (V c ) 
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is within a desired voltage range. The reference voltage (V REf ) is provided by a reference capacitor (C 2 ) 176 which 
is connected in series with a compensation resistor (R 5 ) 178 which in turn is coupled to a reference voltage output 
source (V RDUT ) of the switching power supply 80. The switching power supply 80, the low-pass filter comprising (L,) 
162 and (CJ 164, the voltage-divider resistor network comprising |R 2 ) 168 and (R 3 ) 170, and the feedback regulation 
5 scheme briefly described above, are well-known in the art and, therefore, need not be further described herein. The 
switching power supply 80 may be any commercially available power supply which can provide the desired regulated 
dc output voltage (V c ). In one embodiment, the desired output voltage (V c ) is 13.5 volts at 8 amps, and the values 
of the various above-described discrete components are provided in the following table: 

10 L, C, R, R 2 R 3 R 4 C 2 R 5 

10//H 400://F 1KQ 1.65KQ 1KQ 100KQ 2.tyF 30KQ 

Coupled to the dc regulated output voltage (V c ) of the switching power supply 80 is the printhead cartridge 
44 of Figure 1 having eight power lines P r P 8 . Each power line P r P fl is activated by a corresponding switch 190 

15 which provides electrical connectivity between the dc output (V c ) of the switching power supply and a respective 
ink jet 192. Each of the ink jets 192 are further coupled to a respective address line A r A 13 each of which are 
"turned on" by a respective switch 194 which opens and closes to provide electrical connectivity between electrical 
ground and each of the ink jets 192. In one embodiment, each of the switches 190 and 194 corresponding to the 
power lines and the address lines, respectively, are bipolar NPN transistors and N-FET transistors, respectively. 

20 As shown in Figure 16, each power line P,-P 8 has associated therewith 13 ink jets 192. Each of the 13 

ink jets 192 for each power line P,-P 8 is coupled to a respective address line A r A 13 , providing a total of 104 (8x13) 
ink jets 192. In order to "fire" an ink jet 192, its corresponding power line and address line must be simultaneously 
turned on so as to provide a conduction path from the dc regulated output voltage (V c ) of the power supply 80 to 
electrical ground, thereby closing the circuit for the respective ink jet 192. For example, if it is desired to fire ink 

25 jet 192a as shown in Figure 16, the switch 190 corresponding to power line 1 (P,) must be closed as well as the 
switch 194 corresponding to address line 3 (A 3 ). Only then will the ink jet 192a be caused to fire. As described 
above, the switches 190 corresponding to the power lines P,-P 8 and the switches 194 corresponding to the address 
lines A,*A 13 may be bipolar NPN transistors which are activated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to activate the respective power or address lines, 

30 in accordance with the invention. 

Referring to Figure 17, an ink jet matrix 44a, corresponding to the printhead cartridge 44 of Figure 16, is 
illustrated. The ink jet matrix 44a illustrates the relationship between each ink jet 192 and its corresponding power 
and address lines. Each of the power lines P r P 8 is turned on and off depending on whether an ink jet 192 
corresponding to the respective power line is desired to be fired. Similarly, each of the address lines A r A t3 is turned 

35 on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet 192a, for example, the switch 190 corresponding to power 
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line 



P, and the switch 194 corresponding to the address line A 3 must both be closed so as to provide a closed 



electrical circuit from the dc output of the power supply to electrical ground for that particular ink jet. 

Figure 17 is not an electrical circuit schematic diagram, but rather, an illustration of the correspondence 
between a power line and an address line for each respective ink jet 192. Furthermore, the ink jets 192 are not 
necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the ink jets 192 directly connected to adjacent ink jets 192 as suggested by Figure 17. Rather, in a preferred 
embodiment, each ink jet 192 is independently coupled to its respective power and address line such that the firing 
of one ink jet does not affect the firing of an adjacent ink jet. As shown in Figure 17, each of the power lines P r P 8 
is coupled to the dc output of the switching power supply 80 of Figure 16. Correspondingly, each of the address 
lines A,-A 13 is coupled to ground. In one embodiment, each printhead cartridge 44 includes its own separate and 
independent power lines P r P 8 . However, the address lines A r A 13 are common to all the printhead cartridges 44 
within a printhead carriage 42 (Figure 1). Therefore, as shown in Figure 17, each of the address lines A r A 13 
continue on toward the next printhead cartridge 44 within the carriage 42. 

Referring once again to Figure 16, the open jet compensation circuit 160 further includes a pull-down 
resistor (R 4 ) 172 and a pull-down switch 174, coupled in series with the pull-down resistor 172. In one embodiment, 
the pull down switch 174 is a bipolar NPN transistor. As shown in Figure 16, the pull-down resistor (R 4 ) 172 and 
the pull-down switch 174 are coupled to the voltage-divider resistor network such that they are connected in parallel 
with the third resistor (R3) 170. 

The regulated dc output voltage (V c ) may be incremented by a desired amount by closing the switch 174 
and thereby pulling down the magnitude of the feedback voltage (V FB ) which is applied to the feedback port (FB) of 
the switching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pull down resistor (R4) 172 and the circuit ground, thereby effectively adding the pull-down resistor (R4) 172 
in parallel with the third resistor (R3) 170 of the voltage-divider resistor network. By adding the pull-down resistor 
(R 4 ) 172 in parallel with the third resistor (RJ 170, the effective feedback resistance (R FB ) is decreased. The value 
of the effective feedback resistance (R FB ) is governed by the following equation: 



Because the feedback voltage (V PB ) is directly proportional to the effective feedback resistance (R FB ), a 
decrease in (R FB ) leads to a proportional decrease in (V FB ). When the feedback voltage (V FB ) is decreased by turning 
on the pull down transistor 174, thereby decreasing the feedback resistance R FB , the switching power supply 80 
compensates for this decrease in feedback voltage by increasing the regulated dc output voltage (V c ). The switching 
power supply does this by increasing its "switching duty cycle," Le., providing a longer pulse waveform to the low- 
pass filter comprising the output inductor (L1) 162 and the output capacitor (C,) 164. The pulse square wave begins 
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charging the output capacitor (C,) 164, thereby raising the voltage level (V c ) across the capacitor (C,) 164. The 
switching power supply 80 continues to provide the pulse waveform output signal to the low-pass filter until the 
regulated output voltage (V c ) is stabilized at a new higher voltage level. The output voltage (V c ) increases until the 
directly proportional feedback voltage (V FB ) reaches its previous voltage levels prior to the pull-down transistor 174 
5 being turned on. At this point the regulated output voltage (V c ) becomes stabilized at its new higher value and the 
switching power supply 80 temporarily ceases switching. 

After the regulated dc output voltage (V c ) has been elevated to its new voltage level, it may then be 
decreased to its original voltage level by turning off the transistor 174. By turning off the transistor 174 the 
effective feedback resistance once again resumes its original higher value which is equal to the resistance of third 

10 resistor (R 3 ) 170. This in turn increases the feedback voltage level (V fB ) which indicates to the switching power 
supply 80 that the output voltage level (V c ) is too high. At this point, the power supply 80 is not providing a pulse 
waveform to the low-pass fitter, and therefore, the voltage across the output capacitor (C,) 164 is decreasing as 
current discharges from the capacitor (C,) 164. When no ink jets 192 are being fired, or no power lines P,-P 8 or 
address lines A,-A 13 are turned on, the output capacitor (C,) 164 slowly discharges through the effective output 

15 resistance, comprising the series resistors R 2 168 and R 3 170 of the voltage divider network, coupled in parallel with 
the bleed resistor (R,) 166, at a rate which is proportional to the capacitance value of the output capacitor (C,) 164 
and inversely proportional to the effective output resistance. 

Referring to Figure 18, a voltage response curve illustrating the discharge of the output capacitor (C,) 164 
(Figure 16), is shown. The vertical axis of the voltage response curve indicates the magnitude of the regulated dc 

20 output voltage (V c ) and the horizontal axis of the response curve indicates time. At a time to the regulated output 
voltage is in a stabilized, elevated state, indicated by V K , and the pull down transistor 174 [Figure 16) is turned on. 
At time t„ the transistor 174 is turned off, thereby increasing the effective feedback resistance R fB to its original 
value of R 3 170. This proportionally increases the feedback voltage level V F8 which in turn indicates to the switching 
power supply 80 that the regulated output voltage V c is too high. At this point, the switching power supply 80 is 

25 not providing a pulse square wave output signal to the inductor (L,) 104 and capacitor (C,) 164 (Figure 16) and the 
switching power supply is effectively turned off. 

From t, to t 2 , the output capacitor (C,) 164 discharges at a rate which is inversely proportional to the 
resistance at the output of the switching power supply 80. The voltage decay resulting from the discharge of the 
output capacitor (C,) 164 when no ink jets are being fired, and no power or address lines are turned on, is indicated 

30 by the response curve 400. As discussed above, when no ink jets 192 are being fired, and no address or power 
lines are turned on, the effective output resistance of the switching power supply 80 is equal to (R,) 166, coupled 
in parallel with the sum of the series resistors (R 2 ) 168 and (R 3 ) 173. However, for purposes of the following 
discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the output capacitor (C t ) 164 to 

35 discharge through the bleed resistor (R,) 166, such that the regulated output voltage (V c ) decreases from (V K ) to 
(V REG ), is illustrated as r - t 2 • t,. r is referred to herein as the reference discharge time period. 
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By measuring the reference discharge time period r required for the output voltage (V c ) to decrease from 
a value of V H to V REG , a reference vaiue which is inversely proportional to the amount of current drawn from the 
output of the switching power supply 80 is obtained. This output reference current (l R£F ) indicates the amount of 
current pulled from the switching power supply 80 when no ink jets 192 are being fired, i.e., ail power lines P r P 8 
5 and all address lines A,-A 13 are turned off. This reference discharge period is measured from the point when the 
pull down transistor 174 (Fig. 16) has been turned back off at time t„ after the output voltage V c has stabilized at 
its new higher value V H , until the point in time when the switching power supply resumes switching, i.e., outputting 
a pulse waveform, at time t 2 . A sensor 180 coupled to the output of the switching power supply 80 detects the 
pulse waveform output (Vout) of the switching power supply 80 at time t 2 and records the time of detection. The 
10 sensor 180 may be any one of numerous circuits which are capable of detecting a pulse waveform and which are 
well-known in the art. 

Similar to the method of obtaining the reference discharge period described above, a test discharge period 
may be obtained for each of the following conditions: (1) when only a power line P r P 8 is turned on; (2) when only 
an address line A r A n is turned on; and (3) when a jet is turned on (i.e., its corresponding power line and address 
15 line is simultaneously turned on). In one embodiment, the above-described test discharge period r lest is measured for 
each of the power lines P r Pe, each of the address lines A r A t3 , and each of the ink jets 192 one at a time. For 
example by turning on each power line P,-P B one at a time, without turning on any of the address lines A r A 13 , each 
of the power lines P r P 8 may be individually tested. Thus, each element of a printhead cartridge 44 may be 
individually tested. 

20 As discussed above, in order to fire an ink jet 190, a corresponding power line and address line must be 

simultaneously on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 provide the desired voltage and 
current across the respective ink jet to be fired. Therefore, when a power line is turned on without turning on any 
address line, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no additional current draw from the capacitor (C t ) 164. By successively 

turning on each power line, one at a time, with the turning off of the pull-down transistor 174 at time t„ it can 
be determined whether a power line, by itself, is drawing additional current from the power supply 80 when it is 
turned on. Since there should be no additional current draw from a single power line when no address lines are 
simultaneously on, the test discharge period r ttst should be equal to the reference discharge period r. However, if 

30 the test discharge period r tes{ is measured to be substantially shorter than the reference discharge period t, this 
necessarily indicates that additional current is being drawn by the turning on of that respective power line. As 
shown in Figure 18, if the test voltage response curve 402 falls to V reg in an amount of time indicated by r, Ml which 
is substantially shorter than r, the respective power line is determined to have a short circuit and/or an undesired 
closed circuit to electrical ground associated with that power line. In one embodiment, if the test discharge period 

35 r m , is less than 30% of the reference discharge period r, the respective power line is determined to be defective, 
or nonfunctional. 
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In the circuit illustrated Figure 16, the turning on of a power line may be accomplished by providing a 
voltage pulse to the corresponding NPN transistor 190 for that power line. In one embodiment, the pulse for turning 
on a respective power line during testing of the power line has a duty cycle which is 16 times that of a pulse which 
is used to turn on the power line during actual firing of an ink jet during normal operation of the ink jet printer 54 
5 (Fig. 1). As explained in further detail below, the 1/I6th duty cycle of the "actual" pulse which is used to fire an 
ink jet 192 when compared to the "test" pulse which is used during testing of the power line, must be compensated 
for by dividing any measured current drawn by a power line during testing by a factor of 16. The increase in duty 
cycle of the test pulse allows adequate time for the output capacitor (C,) 164 to discharge by an amount 
proportional to dV during testing of the power lines. Additionally, the increased duty cycle allows a more accurate 
10 measurement of the characteristics of the power line. 

After all the power lines P,-P fl have been tested, each address line A r A 13 can be tested one at a time in 
a similar fashion to the testing of each power line as described above. The procedure for testing an address 
line may be identical to the procedure for testing a power line and, therefore, need not be repeated here. 

From Equation 1 above, we know that the average current pulled from the switching power supply is given 
15 by the equation l mrage - C x (dV/dT), where C is the output capacitance value of the capacitor (C,) 164, dV is a 
change in voltage of the regulated dc output voltage (V c ) as the capacitor 164 discharges, and dT is the time 
measured for the voltage change to occur. From this equation, we see that the current drawn from the output 
capacitor (C,) 164 is inversely proportional to the time period dT required to discharge the output capacitor (C,) 164 
as the output voltage changes by an amount equal to dV. With this relationship between the current and the 
20 discharge period in mind, it is possible to calculate the average current output of the capacitor (C t ) 164 by measuring 
the time period required for the voltage across the capacitor 164 to change from (V H ) to (V REG ). 

By conducting a nodal analysis at the output of the switching power supply 80 of Figure 16, the following 
equation is obtained: 

W"V +/ , +/ . + I ref < 4 > 

25 where l totaj is the total amount of current drawn from the output capacitor (Q 164 when an ink jet is fired, 1^ is 
the amount of current drawn by only a single ink jet when it is fired, l p is the amount of current drawn by only a 
single power line when it is turned on (note that a properly functioning power line should draw negligible current), 
l a is the amount of current drawn by only a single address line when it is turned on (note that a properly functioning 
address line should draw negligible current), and ^ is the amount of current that is drawn by the "bleed" resistor 

30 (R,) 166. 

By rewriting the above equation in terms of discharge periods which are inversely proportional to their 
respective currents, the following equation is obtained: 
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where J m is equal to the measured discharge period when a single ink jet is fired, J a represents the discharge period 
which is inversely proportional to the actual current drawn by only a single ink jet when it is fired, P a represents 
the discharge period which is inversely proportional to the actual current drawn by only a single power line when 
it is turned on, A a represents the discharge period which is inversely proportional to the actual current drawn by only 
5 a single address line when it is turned on, and r is equal to the reference discharge period (Fig. 4) which is inversely 
proportional to the amount of current drawn by the bleed resistor 166. 

Because the bleed resistor 166 continuously draws current from the capacitor (C,) 164, any measured 
values of current drawn by firing only a single power line, or only a single address line, or by firing an ink jet, must 
take into consideration the continuous current drawn by the bleed resistor 166. With this in mind, we obtain the 
10 following equation with respect to the measured current drawn from the switching power supply when only a single 
address line is turned on: 

1 1 1 

= + — (6) 



where A m represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned on. Note that the contribution from the discharge of the capacitor (CJ 
15 164 through the bleed resistor (R1) 166 is represented by 1/r. From Equation 6, we can obtain the actual current 
drawn by the address line as follows: 

— = — - - (7) 



Similarly, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 



l 16 l 

— = — + - (8) 
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where P m is the measured discharge period for the capacitance voltage (V c ) to change by an amount dV when only 
a single power fine is turned on. As explained above, the fact that 1/P, is multiplied by a factor of 16 is due to 
the fact that during the test mode. 

The power line is turned on for a duration which is 16 times the duration that the power line is turned on 
when firing an ink jet during normal operation of the ink jet printer. In other words, during actual operation of the 
ink jet printer, an ink jet is fired by "pulsing" the power fine at a duty cycle which is 1/1 6th of the duty cycle of 
the power line during testing of the printhead. From the above equation, we can obtain an equation which represents 
the actual current drawn by firing only a single power line during actual operation of the ink jet printer as follows: 



l l l 



P a 16P m 16t 

a m 



By rearranging Equation 5 above, we obtain the following equation: 



(9) 



11111 

— = - - - — (10) 

J, J„ P. A„ T 



a m a a 



By plugging in the values for 1/A a and 1/P a obtained above, the following equation is obtained: 

ill li 

— = — + — - — (ii) 

J J 16t 16P m A m 

am mm 



As explained above, J m equals the measured amount of time required to discharge the capacitor C, such 
that its voltage level drops by an amount equal to dV when a single ink jet is fired, r represents the amount of 
time dT required for the voltage capacitance to decrease by an amount equal to dV when no elements of the 
printhead cartridge are activated. is the measured time period required for the capacitor to discharge by an 
amount equal to dV when a single power line is turned on. And finally, A^ is the measured amount of time required 
for the capacitance to discharge by an amount equal to dV when only a single address line is turned on. By 
measuring each of these values individually, a value for 1/J a may be obtained. As discussed above, 1/J B is directly 
proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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made as to whether that ink jet is defective, e.g., its drop ejection resistor is damaged, irrespective of whether the 
power line or address line for that ink jet is in proper working order. 

Thus, the invention provides a method and system in which the actual current drawn from the output 
capacitor (C,) 164 when a single ink jet is fired (assuming that its corresponding power iines and address lines are 
5 in proper working condition) may be provided by 1/J„. Additionally, the amount of current drawn from output 
capacitor (CJ 164 when only a single power line is turned on is represented by 1/P a . Finally, the amount of current 
drawn from the output capacitor (C,) 164 when only a single address line is turned on may be obtained from 1/A a . 
After these values are obtained, they may be compared to threshold values or ranges in order to determine whether 
they fall within these threshold values or ranges. If they do not, then in one embodiment, an error message is 

10 provided by an LCD screen which is typically found on most ink jet printers today indicating either a failed power 
line, a failed address line, or a failed ink jet, as desired by the designer and/or manufacturer of the ink jet printer. 
By obtaining these values, it can be determined whether an ink jet printhead has a defective power line, or a 
defective address line, or whether the ink jet nozzle itself is defective. The comparison of the values J a , P a and A a 
to the threshold values or ranges may be accomplished by any circuit which is well-known in the electronics arts. 

15 A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing element (i.e., resister), is used. Instead, the method and system of the invention 
measures the time it takes for capacitors supplying power to the ink jet cartridges to discharge by a small amount. 
In one embodiment, measurement sequence is as follows: 

1. Command the output voltage of the switching power supply to shift up by dV and allow it to reach 
20 the new value. This may be accomplished by turning on the pull-down transistor 174 (Fig. 16) as described above. 

2. Activate circuitry to be measured (e.g., the jet under test) or do not activate any element if a 
reference discharge period r is to be measured. 

3. Command the output voltage of the switching power supply to shift down and start the time 
measurement. This may be accomplished by turning off the pull-down transistor 174, as described above. The 

25 switching power supply will not start switching until the output voltage drops to the commanded value. 

4. When the switching power supply resumes switching, record the time measurement. This will be 
the measured discharge period which is inversely proportional to the amount of current discharged from the output 
capacitor C, 164. 

This technique can be used to measure the quiescent state (i.e., when no elements are activated), test the 
30 printhead cartridge address lines, test the printhead cartridge power lines, test each ink jet in the test printhead 
cartridge, test the printhead cartridge heaters, or test any combination of these. The measurement of the quiescent 
state is accomplished by measuring the reference discharge period and is used as a reference point to calibrate the 
other measurements. 

In one embodiment, the above-described measurements are conducted for each address line and each power 
35 line, and each ink jet at the startup of the ink jet printer operation. For example, each power line P r P a is 
successively turned on in order to measure the value of the discharge period P m for each respective power line. 
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Similarly, each address line A r A ]3 is successively turned on in order to measure the discharge period A m for each 
respective address line. Finally, each ink jet in a printhead cartridge is successively fired in order to measure the 
discharge period J m for each individual ink jet in the printhead cartridge. By obtaining the measured values for each 
power line, each address line, each ink jet, and the measured reference discharge period, we can obtain the values 
5 for A 8> P a and J a as described above. Based on these values for J a , P 0 and A a , the method and system of the 
present invention is capable of distinguishing between a failed power line, a failed address line, or a failed ink jet, 
for example. After a defective, or failed, element of the ink jet printer has been identified in this manner, appropriate 
actions may then be taken to repair, replace, or compensate for the damaged element. 

As described above, a method and system is provided having significant advantages and features over the 

10 prior art. In accordance with the invention, if one or more ink jets in a jet group is detected as being nonfunctional 
the one or more nonfunctional jets may be compensated for by the remaining jets in a failed jet's respective jet 
group. This is accomplished by assigning replacement jet masks to the remaining functional jets within each jet 
group having one or more nonfunctional jets such that the remaining functional jets compensate for the failed jet(s) 
within their respective jet groups. This method and system does not utilize auxiliary jets which are idle during times 

15 of normal operation. Therefore, the resources of the printhead are maximized. 

Furthermore, the method and system of the invention allows the multi-pass printing method to reduce , or 
eliminate coalescence of printed dots by following a compensation scheme which avoids the printing of vertically and 
horizontally adjacent dots during a single pass of the printhead over the recording medium. If adjacent jets are non- 
functional, then the order of assignment of the replacement masks to the remaining functional jets of the second 

20 jet group is rotated such that adjacent functional jets do not have identical replacement masks. In this way, vertical 
adjacencies are minimized. 

Furthermore, as described above, if one or more defective jets are detected during the printing process, the 
method and system of the invention successively updates the portions of the print mask corresponding to only one 
print zone at a time. For example, if a defective jet is detected during printing, then prior to the next pass of the 
25 printhead over the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is 
then allowed to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding 
to print zone 2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle 
of a printing job, a smooth transition from the original jet group mask to the replacement jet group masked is 
achieved. 

30 Finally, as described above, the invention provides an improved open jet detection method and system in 

which the current required to fire an ink jet is not measured by measuring the voltage drop across a series resistor, 
but rather, by measuring the discharge rate of an output capacitor connected to an output of a switching power 
supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 

35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to the ink jet has been turned on, and comparing these test discharge rates with a reference discharge rate, the 
invention provides a way to determine if there is a defective ink jet, a defective power line, or a defective address 
line, for example, and to also distinguish between these types of failures. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be considered in all respect only as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of equivalency of the claims are to be embraced within their 
scope. 
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1. An ink jet printer which compensates for nonfunctional ink jets in a printhead, comprising: 

a processor, coupled to a host computer, which receives print data and commands from the host computer; 
a memory, coupled to the processor, which stores at least one print mask and at least one replacement 
print mask; 

a print logic circuit, coupled to the processor, which receives signals from the processor to control the 
operation of the printhead; and 

wherein the printhead includes a plurality of ink jets, each ink jet being assigned to print respective dots 
on a respective raster line of a recording medium in accordance with the at least one print mask stored within the 
memory, wherein when an ink jet is detected as being defective, at least a portion of said print mask is replaced 
with the replacement print mask also stored in the memory such that one or more of the remaining ink jets of the 
plurality of ink jets compensates for the defective ink jet. 

2. The ink jet printer of Claim 1 wherein: 

said printhead includes a plurality of print zones and a plurality of ink jets in each print zone, each ink jet 
being assigned to print respective dots on a respective raster line of a recording medium, wherein the plurality of 
ink jets are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; 

said print mask includes a plurality of jet group masks corresponding to a respective one of said plurality 
of jet groups, wherein each jet group mask allocates the printing of dots on a respective raster line to each of the 
ink jets of a respective jet group; and 

said replacement print mask includes at least one replacement jet group mask which replaces the jet group 
mask for a jet group having one or more nonfunctional ink jets, wherein the at least one replacement jet group mask 
allocates the printing of dots to the remaining functional ink jets of the jet group having one or more nonfunctional 

ink jets so as to compensate for the one or more nonfunctional ink jets. 

* 

3. An ink-jet printer, comprising a printhead having a plurality of ink jets, each ink jet being assigned 
to print respective dots on a respective raster line of a recording medium in accordance with a print mask, wherein 
when an ink jet is detected as being defective, at least a portion of said print mask is replaced with a replacement 
print mask such that one or more of the remaining ink jets of the plurality of ink jets compensates for the defective 
ink jet. 

4. The printer of Claim 3 wherein: 

said printhead comprises a plurality of print zones; and 

said plurality of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 
corresponding to each print zone, wherein each jet group is responsible for printing dots on a respective raster line 
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of a recording medium, and wherein when an ink jet in a jet group is nonfunctional, the remaining functional ink jets 
in that jet group compensate for the non-functional ink jet. 

5. The printer of Claim 3 wherein: 

5 said print mask comprises a plurality of jet group masks, each jet group mask corresponding to a respective 

one of said plurality of jet groups, each jet group mask having a plurality of jet masks, each jet mask corresponding 
to a respective ink jet in a respective jet group; and 

said replacement print mask comprises a replacement jet group mask which replaces the jet group mask 
for a jet group having one or more non-functional ink jets, wherein the replacement jet group mask allocates the 
10 printing of dots to the remaining functional ink jets of the jet group having one or more non-functional ink jets so 
as to compensate for the one or more non-functional ink jets. 

6. The printer of Claim 5 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 

15 having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the respective jet group so as to compensate for the one or more non- 
functional ink jets in that jet group. 

7. The printer of Claim 6 wherein, when an ink jet in a jet group is detected as being nonfunctional 
20 during a printing process, the replacement jet masks assigned to the remaining functional ink jets in that jet group 

successively replace the original jet masks of each respective ink jet in that jet group one print zone at a time, per 
pass of the printhead over the recording medium, so as to provide a gradual transition from the original jet group 
mask to the replacement jet group mask 

25 8. The printer of Claim 3 wherein a first subset of said plurality of ink jets corresponds to a first 

jet group and a second subset of the plurality of ink jets corresponds to a second jet group; 

wherein ink jets belonging to the first jet group are each assigned to print respective dots on a first raster 
line of a recording medium in accordance with a first jet group mask, wherein when an ink jet in the first jet group 
is detected as being defective, the first jet group mask is replaced by a replacement jet group mask such that one 

30 or more of the remaining ink jets in the first jet group compensates for the defective ink jet in the first jet group; 
and 

wherein ink jets belonging to the second jet group are each assigned to print respective dots on a second 
raster line of the recording medium in accordance with a second jet group mask, wherein when an ink jet in the 
second jet group is detected as being defective, the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaining ink jets in the second jet group compensates for the defective ink jet in the 
second jet group. 
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9. The printer of Claim 8 wherein: 

said replacement jet group mask comprises a plurality of replacement jet masks, each replacement jet mask 
determining the printing configuration of a designated ink jet; and 

wherein, when said first jet group is adjacent to said second jet group, the plurality of replacement jet 
masks are assigned to respective ink jets in the first and second jet groups so as to avoid the printing of vertically 
adjacent dots during a single pass of said printhead over the recording medium. 

1Q. The printer of Claim 9 wherein said plurality of replacement jet masks are sequentially numbered 
and assigned to respective remaining functional ink jets of the first jet group based upon the print zone numbers of 
the remaining functional ink jets such that ascending replacement jet mask numbers correlate with ascending print 
zone numbers; and 

when said first jet group is adjacent to said second jet group, the plurality of replacement jet masks are 
assigned to respective remaining functional ink jets of the second jet group based on a rotation scheme such that 
the order of assignment of the plurality of replacement jet masks to respective functional ink jets in the second jet 
group is rotated when compared to the order of assignment of the plurality of replacement jet masks to respective 
functional ink jets in the first jet group so as to avoid the assignment of identical replacement jet masks to adjacent 
ink jets in one print zone. 

11. A method of compensating for nonfunctional ink jets in an ink jet printer which includes a 
printhead having a plurality of ink jets, each ink jet being assigned to print respective dots on a respective raster 
line of a recording medium in accordance with a print mask, said method comprising the acts of : 

determining when one or more ink jets are nonfunctional; and 

replacing at least a portion of the print mask with a replacement print mask such that one or more of the 
remaining ink jets of the plurality of ink jets compensates for the one or more nonfunctional ink jets. 

1Z The method of Claim 11, wherein said printhead comprises a plurality of print zones wherein only 
a portion of a raster line is printed in any one print zone, said plurality of ink jets comprise a plurality of jet groups, 
each jet group having at least one ink jet corresponding to each print zone, wherein each jet group is responsible 
for printing dots on a respective raster line of a recording medium, said print mask comprising a plurality of jet group 
masks, each jet group mask corresponding to a respective one of said plurality of jet groups, each jet group mask 
having a plurality of jet masks, each jet mask corresponding to a respective ink jet in a respective jet group, and 
wherein said act of replacing at least a portion of said print mask comprises: 

when a jet group is determined to have one or more nonfunctional jets, replacing the jet group mask for 
that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the respective jet group so as to compensate for the nonfunctional 

5 ink jets in that jet group, and wherein said act of replacing said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is detected as being non functional during a printing process, successively 
replacing the original jet masks of each respective ink jet in that jet group with the corresponding replacement jet 
masks assigned to each respective ink jet in that jet group one print zone at a time, per pass of the printhead over 
10 the recording medium, so as to provide a gradual transition from the original jet group mask to the replacement jet 
group mask 

14. The method of Claim 11 wherein a first subset of said plurality of ink jets corresponds to a first 
jet group and a second subset of the plurality of ink jets corresponds to a second jet group, and wherein said act 

15 of replacing at least a portion of said print mask comprises: 

when an ink jet in the first jet group is detected as being defective, replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining ink 
jets in the first jet group compensates for the defective ink jet in the first jet group; and 

when an ink jet in the second jet group is detected as being defective, replacing a second jet group mask 
20 corresponding to the second jet group with the replacement jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defective ink jet in the second jet group. 

15. The method of Claim 14 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask determining the printing configuration of a designated ink jet, and 

25 wherein the method further comprises, when both the first and second jet groups have a nonfunctional ink jet, and 
when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of vertically adjacent dots during 
a single pass of said printhead over said recording medium. 

30 16. The method of Claim 15 wherein the act of assigning the plurality of replacement jet masks to 

respective ink jets in the first and second jet groups comprises the acts of: 

designating each replacement jet mask of said plurality of replacement jet masks with a sequential number; 
assigning each replacement jet mask to respective remaining functional ink jets in the first jet group based 
upon the print zone numbers of the remaining functional ink jets in the first jet group such that ascending 
35 replacement jet mask numbers correlate with ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 



WO 99/08875 PCT/US98/16101 

29 

when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet 
masks to respective remaining functional ink jets in the second jet group based on a rotation scheme such that the 
order of assignment of the plurality of replacement jet masks to respective functional ink jets in the second jet group 
is rotated when compared to the order of assignment of the plurality of replacement jet masks to respective 
5 functional ink jets in the first jet group such that the correlation between replacement jet mask numbers and print 
zone numbers of functional ink jets in the second jet group is shifted when compared to the correlation between the 
replacement jet mask numbers and print zone numbers of functional ink jets in the first jet group, so as to avoid the 
assignment of identical replacement jet masks to adjacent ink jets in one print zone. 

10 17. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, comprising: 

a switching power supply, coupled to the inkjet printhead, for supplying power to the printhead; 
an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output 
capacitor; 

15 an output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across 

the output capacitor between a low state and a high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switching power 
supply is switching, wherein an element of the printhead is tested by measuring a test current discharging from the 
output capacitor when the element is activated and comparing the measured test current with a reference current 

20 which discharges from the output capacitor through the bleed resistor. 

18. The system of Claim 17 wherein said output shifting circuit comprises: 
a voltage divider network having a first resistor and a second resistor coupled in series with the first 
resistor, wherein the first resistor is directly coupled to said output capacitor at a first node and the second resistor 
25 is directly coupled to the first resistor at a second node, wherein the second node is connected to a feedback port 
on said switching power supply so as to provide a feedback voltage level to the switching power supply; 
a pull-down resistor, coupled to the voltage divider network at the second node; and 
a pull down switch, coupled in series with the pull-down resistor, wherein, when the pull down switch is 
turned on, said output voltage level increases from its low state to its high state, and when the pull-down switch 
30 is turned off, the output voltage level across the output capacitor decreases from its high state to its low state at 
a rate which is determined by an amount of current discharging from the output capacitor. 



35 



19. The system of Claim 17 wherein: 

said sensor measures said test current by measuring a test discharge period required for said output voltage 
to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element which has been activated, the test discharge period being inversely proportional to the test current: and 
wherein 

said sensor measures said reference current by measuring a reference discharge period required for the 
output voltage to decrease from the high state to the low state as a result of the output capacitor discharging 
5 current through the bleed resistor, the reference discharge period being inversely proportional to the reference current. 

20. The system of Claim 16 wherein said output capacitor is coupled to a plurality of power lines of 
said printhead, said printhead having a plurality of ink jets, each ink jet corresponding to one of a plurality of power 
lines and one of a plurality of address lines of the printhead, and wherein, when an ink jet is desired to be tested, 

10 its corresponding power line and address line are simultaneously on, when a power line is desired to be tested, only 
that power line is turned on, and when an address line is desired to be tested, only that address line is turned on. 

21. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, comprising: 
means for supplying regulated power to the printhead; 

capacitor means, coupled to the means for supplying regulated power, for storing a dc voltage therein; 
means for discharging current from the capacitor means; 

means for shifting the dc voltage level stored in the capacitor means between a low state and a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; and 

means for comparing the measured test current with a reference current which discharges from the 
capacitor means through only the means for discharging when no element of the printhead is activated. 

22. The system of Claim 21 wherein said means for measuring a test current comprises sensor means 
for detecting when the means for supplying power is providing a predetermined output signal. 

23. The system of Claim 21 wherein said means for shifting comprises: 
means for dividing said dc voltage level by a desired amount so as to provide a feedback voltage to said 

means for supplying power which is representative of said output voltage level; and 

means for adjusting the means for dividing such that said output voltage level is adjustable from its low 
state to its high state and vice versa. 

24. The system of Claim 21 wherein: 

said means for measuring said test current includes means for measuring a test discharge period required 
for said dc voltage level to decrease from said high state to said low state as a result of said capacitor means 
35 discharging current through an activated element, the test discharge period being inversely proportional to the test 
current: and wherein 
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said means for measuring said reference current includes means for measuring a reference discharge period 
required for the dc voltage level to decrease from the high state to the low state as a result of the capacitor means 
discharging current through said discharging means, the reference discharge period being inversely proportional to the 
reference current. 

25. A method of detecting a nonfunctional element in a printhead of an ink jet printer, comprising the 

acts of: 

supplying regulated power to the printhead; 

storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor; 
shifting the dc voltage level stored in the capacitor from a low state to a high state; 
allowing the capacitor to discharge such that the dc voltage across the capacitor decreases from the high 
state to the low state; 

measuring a reference current discharging from the capacitor through a bleed resistor, when no elements 
of the printhead are activated; 

measuring a test current discharging from the capacitor when an element of the printhead is activated; and 
comparing the measured test current with the reference current. 

26. The method of Claim 25 wherein said act of measuring a test current comprises detecting when 
a switching power supply is providing an output signal to charge said capacitor, the capacitor being coupled to the 
output of the switching power supply. 

27. The method of Claim 26 wherein said act of shifting the dc voltage level comprises: 

dividing said dc output voltage level by a desired amount so as to provide a feedback voltage to said 
switching power supply which is representative of the dc voltage level; and 

adjusting the feedback voltage level such that said dc voltage level is adjusted from its low state to its 
high state. 

28. The method of Claim 25 wherein: 

said act of measuring said test current comprises measuring a test discharge period required for said dc 
voltage level to decrease from said high state to said low state as a result of said capacitor discharging current 
through an activated element, the test discharge period being inversely proportional to the test current: and wherein 

said act of measuring said reference current comprises measuring a reference discharge period required 
for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being inversely proportional to the reference 
current. 
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29. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, without 
the necessity of adding a separate resistive element in series with the nonfunctional element, said ink jet printer 
system comprising; 

first means for supplying regulated power to said printhead; 

second means for storing a predetermined magnitude of charge from said regulated power supply 
so as to provide a dc voltage; 

third means coupled to said second means for discharging at least a portion of said stored charge 
into a circuit having a fixed reference resistance; and 

fourth means coupled to said second means for comparing the actual duration of a test discharge 
period, which corresponds to the time required to discharge at least a portion of said stored charge into 
said element of said printhead, with a reference discharge period which corresponds to the time required 
to discharge at least a portion of said stored charge into said circuit having a fixed reference resistance. 

30. An ink jet printer system for detecting a nonfunctional jet in an ink jet printhead without 
the necessity of adding a separate resistive element in series with each of the jets of said printhead for 
measuring the voltage drop across each of said series resistors to ascertain whether a respective jet of 
said printhead is properly functioning, said ink jet printer system comprising: 

first means for storing a predetermined magnitude of charge; and 

second means coupled to said first means for discharging said stored charge into a circuit 
including said ink jet printhead and comparing the actual duration of said discharge period with a 
predetermined discharge period which corresponds to the circuit when no elements in said ink jet printhead 
are activated. 
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